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WHO ARE THE BENEFICIARIES OF THE STRUCTURAL FUNDS AND THE COHESION FUND AND HOW DOES COHESION POLICY IMPACT FIRM-LEVEL PERFORMANCE?
By Julia Bachtrögler and Christoph Hammer 1 1. Introduction
1.
Cohesion policy is the largest redistributive policy in Europe. EUR 340 billion were transferred across European regions between 2007 and 2013. The main goals of the policy are to foster the catching-up process of lagging regions as well as cohesion in economic and social terms. In order to see if the policy achieves its goals, economists so far have mainly used rather aggregate data provided by the European Commission and the conclusions in the academic literature are mixed so far.
2.
This paper presents a new database that is unique in its scale and scope. It is the first database that contains micro-level information on over two million single projects co-funded by the European structural and cohesion funds in 25 EU member countries during the multi-annual financial framework (MFF) [2007] [2008] [2009] [2010] [2011] [2012] [2013] . 2 It contains not only information about the project itself, its size, location, thematic category and co-financing structure but also data on the beneficiary firm or institution that carries out the project. The firm information is taken from Bureau van Dijk's ORBIS business database and is merged with the beneficiaries' data. Data on the beneficiary firms and institutions is collected from numerous national and regional sources that are published for the public by managing authorities since 2007.
3.
This database allows a more detailed analysis of EU cohesion policy by providing information on the recipients that carry out the projects. Thus, the present paper provides an overview of EU cohesion policy 2007-2013 with a focus on firm characteristics, an analysis that was not possible before at this level of aggregation.
4.
There is large variation in terms of project values and the number of projects conducted across European countries and regions. On average and relative to their GDP, poorer regions receive higher cofunding than richer regions. Since regions and countries have distinct objectives and thematic priorities, the firms that apply for those projects in different regions are not alike in several aspects. They differ e.g. with respect to average firm size or their average productivity. While there is variation across countries among many dimensions (projects and firm characteristics), some patterns emerge. On average, and not conditional on other factors, the largest sums of co-funding are associated with firms that (i) have relatively many (fixed) assets, (ii) a high capital-labour ratio but (iii) are small or medium in size (less than 150 employees) and (iv) operate in the manufacturing sector or are public authorities. When investigating the funding structure of the three main co-financing instruments, we can see that the median project is largest (in terms of its total project value) when co-funded by the Cohesion Fund (CF) compared to the European Regional Development Fund (ERDF) and the European Social Fund (ESF). These differences emerge due to different aims of the funds, e.g., the Cohesion Fund mainly finances infrastructure projects. Distinct priorities are also reflected in differences across typical business characteristics of the respective beneficiaries.
5.
We show how cohesion policy affects a subset of firms on a micro level. Based on Bachtrögler et al. (2017a) , we estimate the effects of carrying out a co-funded project on a set of beneficiaries' firm performance indicators and characteristics. The analysis shows that manufacturing firms in Italy and Portugal, i.e. firms that receive co-funding from the ERDF, the ESF or the CF, create six to ten jobs more than they would have without receiving funds. Moreover, supported firms in all countries included in the subsample experience additional growth in fixed assets, revenue and their capital-labour-ratio. The effect on total factor productivity, measured as Solow residual, turns out to be significant for manufacturing firms located in Spain and Portugal. The distinction of projects co-funded by different funding instruments or corresponding to different priority themes allows us to draw further conclusions on the policy impact on firm performance.
6.
The paper is organised as follows. Section 2 provides an overview of EU cohesion policy over 2007-2013 including its objectives and organisation. Section 3 summarises the evidence on the impact of cohesion policy, which so far has mostly relied on regional data or covered fewer countries or regions. We show how the new database can improve existing analyses as well as which new questions can be answered. Section 4 describes the database in more detail. Section 5 presents descriptive statistics on the distribution of projects or project values across project and beneficiary characteristics. Section 6 describes the methodology that is used in order to estimate firm-level treatment effects. Corresponding results, together with several robustness checks, are presented and discussed in Section 7. Finally Section 8 concludes.
Overview of the functioning of EU cohesion policy

7.
EU cohesion policy aims at increasing regional economic and social cohesion across Europe. The funds that amounted to EUR 340 billion during the multi-annual financial framework (MFF) 2007 (MFF) -2013 3 , are allocated across regions to achieve the following objectives, i) Convergence, ii) Regional Competitiveness and Employment and ii) Territorial cooperation, formerly known as Objective 1, 2 and 3 respectively 4 . Furthermore, the European Commission defines thematic priorities that should be targeted in each MFF that range from fostering human capital to increasing accessibility by building new infrastructure (Section 4 and 5 provide more details on this).
8.
In the first stage of the distribution process, each member state has to prepare a "national strategic reference framework", i.e. a strategy on the areas that should be prioritised in the specific regions during the particular programming period and how much money is necessary to achieve progress 5 . Moreover, each member state suggests a list of operational programmes (OP) 6 which provide details on the distribution of funds across types of funds (ERDF, ESF and CF), thematic priorities and (mostly) NUTS2 regions. In the next stage, the documents undergo a review process by the European Commission and national authorities.
9.
The operational programmes serve as the organisational basis on which regional or national (private or public) managing authorities implement the EU's cohesion policy. They do so by co-financing appropriate projects, together with additional national public funds 7 . Private firms and public institutions can apply for project funding and the managing authorities select promising projects.
10.
Thus, while member states negotiate overall strategies and the total amount of funds per country and operational programme with the European institutions, the selection of projects and distribution of funds to beneficiary firms is a responsibility of national or regional managing authorities. Since 2007, lists of beneficiaries, which are the basis for the database discussed in this report, have to be made publicly available (Article 7 in European Commission, 2006).
Literature review
11.
This section provides an overview on studies that evaluate the effects of cohesion policy, on either regional (or a country's) characteristics, on the one hand, or on the beneficiary firms on the other hand.
Aggregate analysis
12.
The aim of most studies is to draw conclusions on whether EU cohesion policy leads to convergence of incomes or income growth among regions. Although cohesion policy supports single beneficiary firms and institutions, consequently, if the policy is successful, there should be a catching-up process by less developed regions. The most common unit of observation of these studies is the European NUTS2 region, a geographical area with between 800,000 and 3 million residents.
13.
The evidence on the impact of cohesion policy seems to be mixed (for a survey of mostly econometric studies see for example Hagen and Mohl, 2009 , Pienkowski and Berkowitz, 2016 or Dall'Erba and Fang, 2017 . While some studies find a positive conditional effect of cohesion policy on regional growth or convergence (Becker, et al., 2013; Capellen, et al., 2003; Ferrara et al., 2016) , others claim an even negative effect (Breidenbach, et al., 2016) . More recently, studies have begun to exploit more disaggregated data and to assess how differences among regions and types of funding play a role on the impact of cohesion policy. To name the first study of this type, Rodriguez-Pose and Fratesi (2004) study the effects of different types of funding on regional growth. They conclude that projects that relate to human capital formation and labour market spending foster regional growth in the medium run, while infrastructure investments or commitments to agricultural support and rural restructuring do not.
14.
A large strand of the literature studies the "absorptive capacity", i.e. which regional characteristics matter for cohesion policy effectiveness. Institutional quality (Capellen, et al., 2003; Bachtler, et al., 2014; Rodríguez-Pose & Fratesi, 2013) and the stock of human capital (Becker, et al., 2013) , have been shown to be determining factors for the success of cohesion policy at the regional level. The positive overall effects of funding on regional growth become larger, when the quality of government is high and when the human capital stock is high. Papers that incorporate potential spatial spillovers or geographic proximity of treated regions to large economic centers (Gagliardi & Percoco, 2017; Dall'Erba and Le Gallo, 2008; Breidenbach, et al., 2016 , Maynou, et al., 2016 Percoco, 2013) come to mixed conclusions about the effectiveness of cohesion policy with regard to regional growth. If positive effects are found, they are limited to fewer areas.
15.
A handful of papers assesses the effect the Great Recession might have had on the effectiveness of cohesion policy. Bachtrögler (2016) and Becker et al. (2018) find that the effectiveness of cohesion policy decreased during the economic crisis compared to before. Reasons for that may be the more difficult political legitimation to conduct structural policies in times of economic downturn and increasing unemployment (Camagni and Capello, 2015) , which becomes visible in a delayed absorption of the committed funds.
Firm-level analysis
16.
Recently, as richer data has become available, firms have become more interesting as unit of observation for research on cohesion policy evaluation. Most studies focus on a small number of regions. Greenbaum (2006, 2014) focus on (former) "Objective 2" regions in Northern and Central Italy and find that payments by the ERDF had a positive influence on employment growth, however, at a relatively high cost per job. The effects of cohesion policy on firm-level productivity in the European manufacturing sector can be found in (Fattorini, et al., 2018) . While they combine firm-level data with regional ERDF data, they cannot distinguish between beneficiary firms and non-beneficiary firms.
17.
While, so far, studies did not distinguish between actual beneficiaries and non-beneficiaries, Maroshegyi and Nagy (2010) contribute to this literature by conducting interviews in Hungarian SME beneficiary firms. They conclude that "SME owners count EU-funding as a mixed blessing" and most small and medium-sized enterprises (SME) experienced some difficulties in obtaining the EU-funds and successfully implementing the projects. There seem to be, however, some positive effects on sales for these firms, which helped them especially during the financial crisis. Bernini and Pellegrini (2011) study beneficiaries in Southern Italy between 1996 and 2004. They also find positive short-run effects for beneficiary firms in terms of employment, output and asset growth but less growth of total factor productivity compared to non-beneficiary firms. Another study that identifies beneficiaries, not of EU funding but other national business programmes, is Hartsenko and Sauga (2012) . They employ a sample of Estonian firms and find positive effects on firm sales due to government subsidies.
18.
Finally, Bachtrögler, et al. (2017a) is one of the first papers that utilises a sample of manufacturing firms in different countries for the period 2007-2013, where the beneficiaries of EU cohesion policy are known. Their findings are in line with earlier work as they also confirm positive effects on employment and value-added growth but smaller or insignificant changes in productivity. However, they show that those effects are not uniform across European countries and regions. Moreover, comparing the estimated treatment effects across regions with different firm dynamics shows that the effects of cohesion policy on manufacturing firms' value added and employment growth tend to be higher in regions with a more dynamic, more competitive business environment (OECD, 2017) . Benkovskis et al. (2018) use a Latvian firm-level dataset and find that ERDF projects seem to raise the capital-to-labour ratio and employment of beneficiaries in the short run and the medium run. In the short run, they confirm that there is no average effect on TFP. With some time lag, however, there is some evidence for small positive effects and they are more likely found in bigger firms and firms that were less productive before the treatment. Table 1 summarizes some dimensions of the firm-level literature. 
Data
Description of the database
19.
To the best of our knowledge, the present database is the most comprehensive data collection on individual projects financed by the European structural and cohesion funds for the Multiannual Financial Framework 2007 . We collected the data on the projects and their co-funding structure between 2015 and 2017 from official documents ("list of beneficiaries") that are published by the national or regional managing authorities of the operational programmes. The data collection was a tedious and lengthy process. The data was collected from approximately 300 lists in 25 different countries, in some cases when no list of beneficiaries was publicly available on the website, we had to get in touch with the relevant authority to request the information. Not all of them responded. Moreover, unfortunately, the lists of beneficiaries are not standardised. They are published on a multitude of different formats (e.g. excel, PDF, word documents) and are mostly written in the national language, which required substantial processing and work in terms of translation.
20.
The database consists of over two million observations for the period 2007-2013. Each observation represents a project co-funded by one of the structural funds (ERDF, ESF) or the Cohesion Fund (CF) in one of 25 EU member states, except Hungary and Greece 8 . Approximately one million different beneficiaries carried out those projects. The project information includes the name and/or a description of the project, the name of the beneficiary firm or institution, the country and NUTS region in which the project takes place (mostly at the NUTS2-level, except for Germany, the Netherlands and the United Kingdom that design their regional operational programmes for NUTS-1 regions) as well as the type of fund, which co-funds the project (ERDF, ESF, CF). Besides this information, the database also includes the corresponding objective (i) cohesion and (ii) regional competitiveness and employment as well as a thematic category ( Table 2) . As not all lists of beneficiaries include information on the thematic category of the project, we used machine learning-techniques in order to identify this information and succeeded for almost all observations in the database. 8 To the best of our knowledge, at the time of data collection, Hungary did not publish the lists of beneficiaries.
Modest project funding did not allow us to translate Greek lists of participants. 9 For more details about the use of machine learning-techniques, see the Appendix and Bachtrögler et al. (2017b) . For more detailed corresponding theme subcategories, see the Appendix. 
21.
Furthermore, the database includes data on the projects' funding structure. For each observation, we know at least one, committed or paid-out value that is provided by the EU funds. Some lists include information on both commitments and payments (very few include information on the date of commitment and payment), or do not only specify the co-funding by structural funds or the CF but also the amount of co-funding by national public resources as well as the financial contribution of the beneficiary itself. We calculate every project total value as the sum of all co-funding by the EU, national or regional authorities, as well as the funding provided by beneficiaries themselves.
22.
To learn more about the characteristics of the successful project applicants, the project-level data described above is merged with ORBIS business database (Bureau van Dijk) using the beneficiaries' name. We were able to match about 40% of all projects (or 30% of individual beneficiaries) with business data using the online matching algorithm of ORBIS.
10 For the remaining firms, the ORBIS algorithm could not find a match. There are some drawbacks to the ORBIS database (see Kalemli et al., 2015) . Among other things, it concerns the varying degree of detail across countries. One reason is that the requirements for reporting differ across countries. With that, there is an underrepresentation of small firms that varies across countries (see Gal, 2013) . Further, firms are deleted when there is no reporting for a number of years, even if the firm still operates. Sometimes, BvD identification numbers (ID) might change for a number of reasons. In those cases, it is not always guaranteed that the firm can be tracked consistently over time. Despite these drawbacks, Orbis is still the largest, most comprehensive cross-country dataset on detailed firm-level information. It contains millions of company accounts that cover not only large, listed companies -as is the case for popular alternative data sources -but small, privately owned ones.
23.
For the purpose of the present paper, we extract data on the location of the firms, their founding year, the number of employees, their legal form and if they are part of a corporate group. Furthermore, financial information such as operating revenue, value added, fixed assets, (tangible) fixed assets and the cost of employees are also collected.
24
. Table 3 shows the list of variables included in the merged database, the coverage of each variable as a percentage of all observations, the source of the data and a short description of the variables. The upper panel shows project-level information that is contained in the lists of beneficiaries, while the lower part lists variables from the ORBIS database. Due to low coverage of some variables, the subsample that can be considered is therefore relatively small depending on the research question. It is, however, still substantially larger and more recent than in other studies.
25.
All project information including the committed or paid-out amounts lacks a time dimension, so they represent a cross section for the MFF 2007-2013. Although the MFF ends in 2013, projects can receive payments up to two years after the end of the period. Since data collection for the present database took place between 2015 and 2017, the lists of beneficiaries should include also payments made after 2013.
11 While project information is cross-sectional, any financial information from ORBIS, as well as the number of employees are time series from years prior to the treatment (2006 if available) to the most recent data point (2016 at the latest).
10 See the appendix for more information.
11 For exact reporting dates by operational programmes, see Bachtrögler et al. (2017b) . 
Stylised facts
26. This section presents stylised facts about the projects carried out during 2007-2013. We first show firm characteristics of recipient firms and institutions by country and region. Then, we examine different patterns by funding instrument (ERDF, ESF, CF) across project sizes, firm sizes, industries and themes. All figures and tables are constructed with the respective subset limited by data availability (refer to Table 3 ) and thus represent only beneficiary firms and institutions unless stated otherwise (the last subsection refers to the sample used for the estimation of average treatment effects on the treated). Further, in the following, "firms" include all beneficiary firms and (public) institutions. Not all tables include Malta, Luxembourg, Croatia and Ireland since the number of observations is very small and even smaller for the data from ORBIS.
Stylised facts: Differences by EU member country or region 27. Table 4 lists the distribution of projects and beneficiaries across countries in column 1 and 2. Column 3 lists the subsample of firms for which information was available in ORBIS. We also show the average number of employees of beneficiary firms over the period 2007-2013 in column 4. 
28.
In general, larger economies (Germany, France, Italy) seem to have a larger number of beneficiaries although there are some exceptions such as the United Kingdom. There are many potential explanations for those exceptions.
29.
First, the principle eligibility of countries and regions for funds, not every country or region will receive the same amount of co-funding. On average, more money is allocated to less developed regions (see Figure 1) . This means that a country such as the United Kingdom receives relatively less and thus has relatively fewer beneficiaries. On the other hand, British beneficiaries are on average larger in terms of employees. 
30.
Second, operational programmes are designed for different regions, have different main objectives and priorities and thus will co-fund different types of projects. The United Kingdom is an example where there are only 2,800 beneficiaries with an average of 407 employees. Contrarily, in Spain over 600,000 projects were carried out by firms with an average number of employees of only 56.
31.
Beneficiary firms are not only unevenly distributed across European regions, they also differ in many of their characteristics. Table 5 compares the average value added as well as the average operating revenue (turnover) across countries for the subsample of matched firms. The characteristics might not be representative of the population of (beneficiary) firms as small firms are usually underrepresented in ORBIS. The table shows that the average beneficiary firm differs quite substantially. Dutch, Austrian and British beneficiaries' rank first, second and third with respect to average value added, average turnover and average turnover per employee. Although it seems that Baltic firms (especially Estonia and Lithuania) are relatively more productive (column 2), we in fact have very few observations on value-added, which gives a biased picture. The most productive firms in our database, in terms of value-added per employee, are Dutch, German, Belgian, Austrian and British firms. 32. Figure 2 shows the distribution of average value added of beneficiaries (column 1 in Table 3 ) across regions. The map highlights that within countries, such as Sweden, Denmark, the UK, France or Germany, there are large cross-regional differences in average value added, showing a slight North-South divide. 
33.
The following bar charts show the distribution of total project values for some firm characteristics where the sum of total values is normalised to 1.
13 Figure 3 and Figure 4 make clear that, while there is some variation between countries, the largest share of projects in terms of value are carried out by firms with the most fixed assets or the highest capital-labour ratio (fixed assets per employee). Interestingly, Figure 5 shows that those firms are not necessarily also the largest in terms of number of employees and operating revenue.
14 The variation of firm size across countries again points to a different overall structure of projects in the respective countries. Bachtrögler et al. (2017b) show that, conditional on further firm-and project-level characteristics, larger firms on average carry out projects of higher value. While in Denmark a third of the total project value is attributed to very large firms, in Estonia or Slovenia it is no more than 2 percent.
35.
While beneficiaries are different in size and in their capital intensity, they also differ in the industry in which they mainly operate. Table 6 reports the shares of total project values across 20 NACE Rev. 2 industries (A-S). For example, projects in Austria that are carried out by manufacturing firms (C) represent 70% of the sum of total values of all co-funded Austrian projects. In general, manufacturing firms (C) and public authorities (O) are responsible for the largest share of project values on average, followed by professional and scientific services (M) and projects related to water management (E). The remaining project sums are on average relatively evenly distributed, however, there again is large variation across countries. Keeping in mind that the database only includes lists of beneficiaries for two Bulgarian operational programmes, the reported firms in Bulgaria are exclusively public authorities.
14 ORBIS firm size categories: Very large companies: 1,000 or more employees, large companies: 150 or more employees, medium-sized company: 15 or more employees, small company: all others. Small firms are usually underrepresented in ORBIS. 
Stylised facts: Differences by type of fund
36.
Here we examine how the funds differ with respect to their co-financing structure. Throughout this subsection, we distinguish the Cohesion Fund (CF), the European Regional Development Fund (ERDF) and the European Social Fund (ESF). Additionally there is a category "ERDF_CF" which represents observations that could not be attributed to either of the two, as operational programmes are cofunded by both of them.
37.
When we compare the distribution of funds across industries, we can see that the projects cofinanced by the Cohesion Fund are mainly carried out by firms that operate in industries Energy (D), Water (E) and Transportation (H) and these are also the themes of the respective projects. This fits the characteristics discussed above. It is large projects, such as plants and roads, which are co-financed by the CF and carried out by large firms. ESF projects are relatively small and carried out by smaller firms operating in different private and public service industries. They are mainly focused on the themes Human Capital and Labour Market. The ERDF contributes the most in total. This is because the ERDF has the largest variety of projects that it co-finances. There are projects for every theme co-financed by the ERDF. 
The impact of cohesion policy on actual beneficiaries' performance
Empirical Methodology
38.
This section evaluates whether carrying out a project that is co-funded by the ERDF, the ESF or the CF has an impact on the firm itself. Cohesion Policy can influence firms through various channels. First, there can be demand or scale effects by carrying out large-scale projects that lead to more employment or capital deepening. Additionally projects can lead to improvements in productivity as firms invest in new technology or improve their processes. While these could be already productive firms, the opposite might be the case. Firms could carry out less productive investments that would not have taken place without co-financing. The following analysis sheds some light on the effects of Cohesion Policy on various outcomes at the level of the single beneficiary.
39.
The outcome variables, i.e. the firm performance indicators that are expected to be affected by the treatment (by receiving co-funding), taken into account in this study are net job creation as well as a set of characteristics that reflect the firms' productivity and financial position. The latter set of variables includes i) operating revenue per employees (growth), ii) total factor productivity, measured by a calculated Solow residual as explained below, iii) fixed assets which are assumed to reflect the development of the capital stock, iv) fixed assets per employee, as well as v) labour compensation relative to each firm's operating revenue or number of employees respectively. All of these outcomes (except the absolute change in the number of employees) are measured in terms of changes (log differences) from the pre-treatment period (2006 or, if not available, 2007) to the years after the MFF (2014 if available, otherwise later years).
40.
The empirical analysis combines propensity score matching and a difference-in-difference approach as in Bachtrögler et al. (2017a) . By using this methodology, we can compare the outcome variables in treated firms, i.e. firms which have carried out a co-funded project, and non-treated firms, i.e. the control group. If a firm performance indicator on average has grown faster over the programming period 2007-2013 in the treated firms as compared to the control group, and this difference in outcomes is statistically significant, one can speak of a positive (and significant) treatment effect of the policy on the treated firms.
41.
For the estimation of reliable average treatment effects on the treated (ATT), it is necessary to find non-treated firms (which have not received funds in [2007] [2008] [2009] [2010] [2011] [2012] [2013] that are comparable to treated firms before the funds receipt, i.e. to account for initial conditions prior to the treatment. Therefore, in the first stage, the probability, or propensity, of a firm to carry out a co-funded project is estimated using logit or probit regression:
42.
In the case of logit estimation, F(.) denotes logistic cumulative distribution function, while for the probit, the standard normal distribution function is considered (Greene, 2012) . The propensity score ranges from zero (zero-probability of receiving funds) to one (100% probability of being treated).
43.
The firms' characteristics included in the vector of explanatory variables x are their initial (2007 or earlier) number of employees, age, capital-to-labour-ratio (fixed assets per employee), liquidity (current ratio) and value added. Additionally, NUTS-2 region-fixed effects are taken into account in order to control for region-specific unobserved heterogeneity that is not captured by other controls. Moreover, we only compare firms operating in the manufacturing sector and within the same country.
44.
In the second stage, similar treated and non-treated firms are matched according to their propensity score using Epanechnikov kernel matching. That is, the whole control group is considered for the comparison; however, propensity scores that are closer to the one of a treated firm each receive higher weights and there is a restriction on the maximum distance between propensity scores. Firms from both the treatment and control group that are off support, i.e. have a propensity score that is smaller than the minimum or larger than the maximum score in the opposite group, are excluded from the matching and comparison exercise.
45.
Then, we estimate the expected average difference in each outcome variable y of interest (e.g. net job creation) between the matched firms of the treatment (treatment T=1) and control group (treatment T=0). The result of this difference-in-difference estimation indicates whether the treated firms have on average experienced a (significant) treatment effect on its firm performance. The average treatment effect on the treated (ATT) is estimated by the following equation.
= [ ( )] = [ [ (1) − (0)| = 1, ]]
46. According to the conditional independence assumption, it is sufficient to control for the propensity score p in the difference-in-difference estimation. 15 Corresponding standard errors are bootstrapped in order to correctly evaluate the significance of estimated ATTs.
47.
In order to check the robustness of the results, we consider sub-industry-related (NACE Rev.2 1-digit codes) fixed effects in the propensity score estimation and in the estimation of the ATTs. Moreover, we consider characteristics of the projects carried out by the beneficiaries and exclude the smallest projects (with a project value below the fifth percentile of the distribution of total project values) in order to show the validity of results.
Calculation of the Solow residual as measure for total factor productivity
48.
Since total factor productivity (TFP) cannot be observed directly, we have to calculate it for each firm. While there are many ways to calculate or estimate TFP, we follow a very simple procedure based on the idea that the so-called Solow residual represents TFP. The advantage is the possibility to calculate the residual based on ORBIS data and deflators from the OECD STAN database. We follow Gal (2013) who lists the calculation of the Solow residuals as one of many possibilities to measure TFP. Therefore, TFP for firm i is calculated as
where va, k and l are the natural logarithms of value added, fixed assets (or tangible fixed assets) and employment respectively. 16 S L is the average share of value added that goes to labour, i.e. the costs of employees relative to value added, for all manufacturing firms in the estimation sample. Monetary figures are deflated using the deflators for value added (value added and labour compensation) and gross fixed capital formation (tangible and total fixed assets) from the OECD STAN database.
Data: Descriptive statistics for the sample of manufacturing firms
49.
For the estimation of the impact of structural funds and the Cohesion Fund on firms' performance, we use the database in conjunction with the estimation approach introduced in Bachtrögler et al. (2017a) . They suggest focusing on manufacturing firms due to two reasons: First, they represent the largest share of the sum of total project values per industry (see Section 5.1). Second, in contrast to public authorities, firms within this industry are expected to target similar business objectives and therefore to carry out somewhat similar projects.
50.
The subset consists of manufacturing firms in the merged database as well as firms in the same industry and countries that are available in ORBIS (a control group). 17 As described above, in order to make them comparable with each other, a set of characteristics prior to the funding is taken into consideration (see Table 9 ). Given data availability, the analysis is done for six European OECD countries, namely, the Czech Republic, Spain, France, Italy, Portugal and the Slovak Republic. Total factor productivity (Solow residual) based on total fixed assets 16 Unfortunately, we are not able to calculate the capital stock using the Perpetual Inventory Method described in Gal (2013) because the ORBIS variable "Depreciation" is only available for 44 firms of the sample. To provide evidence on the consistency of the results, we calculate the Solow residual using total fixed assets and, alternatively, tangible fixed assets. 17 Note that we exclude observations for which some variables that are required for the matching are missing.
Moreover, we limit the sample to firms that were founded before 2007. 18 Data limitations arise from both the beneficiaries' dataset (number of supported manufacturing firms; e.g. in
Germany and the Netherlands only 8% according to Table 6 ; data on beneficiaries in the Netherlands and the UK are only available at the NUTS-1 level), the ORBIS matching (see Table 3 which however includes beneficiaries in all industries) as well as the availability of ORBIS data (firm characteristics) that are necessary for the propensity score matching and difference-in-difference estimation. Note: Observations for which the number of employees, which typically has a very good coverage in ORBIS, is not available prior and after the treatment period 2007-2013 are excluded in the estimation sample and therefore also for the descriptive statistics in this Table. The control group (non-beneficiary firms) only considers firms which are considered (on support) in the propensity score matching, also beneficiaries that are off support are excluded. 51. Table 9 shows that firms that receive treatment, i.e. run a project co-funded by the ERDF, ESF or CF, are on average larger than the other firms in our sample (prior to receiving co-funding). This finding holds true both for firm size in terms of the number of employees as well as operating revenue and value added. The latter becomes clear from the difference in initial average labour productivity (measured as value added or operating revenue per employee) across beneficiary and non-beneficiary firms, which is not substantial relative to the one in the number of employees.
52.
While treated firms appear to be initially more productive in terms of labour productivity, TFP (measured by the Solow residual) is higher for firms that are part of the control group. Furthermore, firms that receive co-funding from the structural funds or the Cohesion Fund have a higher mean capital-tolabour-ratio and are on average older but less liquid than the firms in the control group. Table 10 shows a comparison for the mean of the outcome variables to be analysed in the subsequent section across the treatment and control group. The outcomes represent the change in the respective variable across the programming period 2007-2013 and it turns out, that e.g., supported firms that have started from lower initial values of TFP (see above) experienced higher TFP growth than those in the control group. However, note that these are unconditional values. A causal assessment of the impact of cohesion policy on firm-level performance is done in the next section.
Results
Results on firms' employment, operating revenue (per employee) and total factor productivity 53. Table 11 presents the estimation results on the impact of a firm carrying out a project on its number of employees, productivity and other firm characteristics. Differences are calculated between the respective values prior to the treatment (2007 if 2006 data is not available) and the period after the MFF (2014 or, if not available, 2015 or 2016) . While the first outcome variable in Table 11 measures the change in the number of employees from 2006 (or 2007) to the period after the MFF 2007-2013 in absolute terms (net job creation), all other outcome variables are measured in log differences. Note that the total factor productivity (TFP) growth effects cannot be estimated for the Slovak Republic due to limited data coverage. Notes: *** significant at the 1%-level, ** at 5*-level, * at 10%-level. All treated observations are on support. Standard errors are bootstrapped with 1,000 replications. Propensity scores are estimated using logit regression.
54.
The estimated country-specific ATTs on the first outcome variable reveal the heterogeneity of policy effects across countries. Only treated firms located in Italy and Portugal could increase their number of employees between the pre-treatment and post-treatment period significantly more than without the funding assistance. Italian manufacturing firms that received co-funding, created approximately ten jobs more, Portuguese firms about six jobs more, than in the case of non-treatment. For firms located in the other countries, we do not find significant effects in the empirical analysis, while for firms in the Slovak Republic the ATT is negative and significant at the 10%-level. This result may be driven by the relatively limited number of treated firms in the sample that is matched with ORBIS.
55.
Next, Table 11 shows that treated manufacturing firms' operating revenue, measured relative to their number of employees, grows by five to fourteen percentage points less across the MFF 2007-2013 than if the firms were not treated. This is true for the Czech Republic, Spain, France, Italy and Portugal, while the ATT for the Slovak Republic does not turn out to be significant. One explanation is based on the finding, as also reported in Table 11 , that operating revenue in co-funded firms on average grows by 2 percentage points more than that of the control group in our sample. In Italy, where the policy-induced additional growth in operating revenues is highest, the labour productivity (operating revenue per employee) is smallest, whereas the growth effect is not statistically significant in the Slovak Republic. Furthermore, the results imply that employment growth over the period may have been higher than revenue growth in the majority of supported firms. 
56.
Regarding total factor productivity growth, we find that there is a significant and positive impact only for firms that have received co-funding from the ERDF, ESF or the CF in Spain, Italy and Portugal. The statistically significant effect on TFP growth in treated manufacturing firms in Spain amounts to six percentage points more over the period of about nine years than without funding. Portuguese firms that carried out a co-funded project grew by nine to ten percentage points more in total factor productivity (independently of the measure used). For Italy, a positive and significant increase of TFP growth induced by cohesion policy is found only for one of the two TFP measures.
Results on firms' fixed assets and labour compensation growth
57.
Moreover, Table 11 lists the estimation results on the development of manufacturing firms' fixed assets and fixed assets per employee as outcome variables. The first one may reflect the evolvement of the (tangible and intangible) capital stock and investment of the firm over the programming period. In both cases, we find that the variables in treated firms are positively affected by the treatment in all countries. Fixed assets growth turns out to be on average 37 percentage points higher in firms when they have carried out a project. For all of the six countries, estimation results also point to higher growth in terms of the treated firms' capital-labour-ratio (fixed assets per employee). As employment growth (in absolute terms) in treated firms is higher due to treatment, it is an intuitive result that capital-labour-ratio growth is lower than fixed assets growth in quantitative terms.
58.
Finally, we examine how receiving co-funding from the ERDF, the ESF or CF influences the cost of employees, or labour compensation. As a robust result across countries, cost of employees appears to grow less in beneficiary firms than in case they would not have been treated. Relative to the number of employees, we find that the labour compensation in treated firms grows by 18 to 25 percentage points less across the analysed period. This can mean that wages grew slower or that the composition of employees shifted more towards low-wage workers. Measured as a share of operating revenue, the coefficients (ATTs) range from -0.10 to -0.14 and are not statistically significant in the Slovak Republic. One could assume that this is linked to the very small and mostly not significant TFP growth effect induced by carrying out a project.
Comparison of firm-level effects of projects co-funded by the ERDF and the ESF
59.
In the next step, we aim at further investigating firm-level effects of carrying out projects cofunded by different funds. Therefore, the sample is extended to not only consist of one observation per treated firm (as it was the case for the previous analyses where it was just distinguished between treated 19 Note that Bachtrögler et al. (2017a) find a small but positive and significant effect on value added per employee growth over this period, which, however, is not present in all countries in their sample.
and non-treated firms) but potentially multiple ones if i) the same beneficiary receives co-funding from different funds or ii) carries out projects corresponding to different priority themes. 20 60. By that, it is possible to estimate the effects of receiving financial assistance from the ERDF as compared to funds from the ESF (see Table 12 ). 21 Due to data limitations, this analysis is possible for the Czech Republic, Spain, Italy and Portugal, and we only consider three outcome variables. Moreover, as the sample used in this section only consists of manufacturing firms, we are able to distinguish between projects co-funded by the ERDF (about 37,700 projects in total, if not excluding observations due to ORBIS data availability) and the ESF (approx. 9,000 projects). However, the analysis is not possible for the CF as the corresponding number of observations is very small (176 projects in total). 20 Furthermore, it would have been interesting to assess potential differences in short-term versus medium-term effects. Unfortunately, managing authorities have reported project start and end dates only in very few countries or regions. As we lose further observations by ORBIS matching and data coverage such an analysis can only be performed for a set of projects carried out in the Czech Republic and Italy (not in all regions). In the difference-indifference estimation for projects that started before 2011, no (medium-term) policy effect is identified for manufacturing firms. However, given the limited data, we do not expect this result to have external validity. 21 We cannot distinguish between projects co-funded by the ERDF and CF in many cases, thus, the analysis is limited to the ERDF and the ESF. Notes: *** significant at the 1%-level, ** at 5*-level, * at 10%-level. All treated observations are on support. Standard errors are bootstrapped with 100 replications. Propensity scores are estimated using probit regression. Multiple projects by treated firm are considered when the particular firm carries out projects co-funded by different instruments (ERDF or ESF or CF) or corresponding to different priority themes. Projects with a project value below 820 Euro are excluded from the estimation.
61.
The results in Table 12 show that, first, the significant impact of carrying out a project on firms' net job creation in Italy and Portugal appears to be driven by those projects that are co-funded by the ERDF (the size of the coefficients is also similar). In contrast, ESF-funded projects do not seem to affect firm employment. Likewise, the treatment effect of ERDF co-funded projects on fixed assets growth from 2007 (2006) to 2014 (or later) seems to be crucial for the overall impact in the Czech Republic and Italy. Contrarily, in Spain and Portugal, also projects co-funded by the ESF seem to contribute to the treated firms' additional growth in their capital stock. However, the corresponding coefficient is smaller. Finally, the impact on the cost of employees that turns out to be negative and significant for supported firms is weaker in projects co-funded by the ESF (except in the Czech Republic). As large parts of Human capital and Labour market projects are co-funded by the ESF (see Table 8 ), this is an expected result.
Comparison of firm-level effects of projects contributing to different priority themes
62.
Furthermore, our dataset enables us to differentiate between projects that contribute to different priority themes. We group the fifteen themes as defined by DG REGIO for the MFF 2007 MFF -2013 Bachtrögler et al. 2017b for details on the categorisation). Due to data limitations, it is possible to run separate difference-in-difference estimations (and the propensity score matching analysis) only for two of these groups, namely, Human capital 22 and Business support 23 .
63
. Table 13 presents the results. With regard to the change in the absolute number of employees, the overall significant impact of carrying out a project on the treated firms in Italy does not seem to be driven by projects in the thematic categories analysed here. In contrast, for Portuguese manufacturing firms, the effect of carrying out a project in the Business support category, e.g. a research or innovation project, leads to the creation of 15 more jobs. The additional decline in labour compensation in supported firms is higher and significant in all countries in the case of Business support projects.
64.
Turning to the other outcome variables, TFP growth in funded firms appears to be negatively affected by Business support projects in the Czech Republic and Spain, while Human capital projects show no significant impact in any country. The positive effect on the growth of fixed assets (as in the baseline results in Table 11 and 12) is found for firms carrying out Business support projects, however, not always with respect to Human capital projects. Third, the location of the firm is not always the location of the project. However, we expect that the project in the majority of cases was carried out in the same region as the firm is located.
66.
The matching process with ORBIS reduces the sample of firms to about a third of the overall observations, which is still more than 300,000 observations. A match does not mean that we have information on all variables.
67.
In the firm-level analysis, we use propensity score matching in order to find non-treated firms that are similar to the treated firms. One assumption that we have to make is that both treated and nontreated firms did not receive similar public, non-EU co-funding 24 or, put differently, that treated and untreated firms are (ex-ante) face the same probability of receiving similar, non-EU co-funding. Furthermore, one should keep in mind that the period under consideration overlaps with the Great Recession, which might influence the results.
Robustness checks
68.
In order to check the robustness of the estimation results presented in the previous section we do not only consider a NUTS-2 fixed effect but also include a fixed effect for the NACE Rev. 2 1-digit level. This analysis is not possible at the country-level or using the NACE 4-2-digit code as the number of observations per category drops significantly. Table 14 shows the results. 
69.
Moreover, taking into consideration the sum of project volumes per treated firm, we run the difference-in-difference analysis based on estimated propensity scores for the sample after excluding the smallest projects (see Table 15 ). 25 This means, firms that carry out projects with a total volume below the 5 th percentile of the distribution (2,020.49 Euros), are dropped from the estimation sample. Most of them are located in Spain, Italy and Portugal, which is the reason for the only slightly reduced number of treated observations in the Czech Republic and France.
70.
An interesting finding of this consistency check (Table 15) is that the number of jobs created over the programming period rises when excluding the projects with smallest project values. This intuitive result holds true for all countries except France and the overall ATT. The estimated ATTs on TFP growth of supported firms are not fully consistent with previously presented ones for the whole sample.
71.
Finally, as small firms are underrepresented in ORBIS, we run the estimations when only considering firms that have less employees than the firm with the median employment value (taking both supported firms as well as the control group into account), that are less productive than the firm with median productivity and younger than the older half of firms in our sample. 26 This helps shedding light on whether the segment of firms that we do not observe in ORBIS (typically the smaller, younger and less productive firms) might respond differently than the other segments.
72.
The overall results considering all countries (analogous to the number of treated observations in the full sample, most of the firms are located in Spain, Portugal and Italy) show a similar picture as the estimation outcomes reported previously in this study. To be more precise, there is a positive and significant impact on absolute employment change, growth in operating revenues (however there is no significant ATT on operating revenues per employee), total factor productivity based on tangible fixed assets, fixed assets and the capital-labour-ratio (fixed assets per employees), and a negative and statistically significant on labour compensation. As one could expect, the absolute increase in the number of employees is smaller when taking into account only small firms (plus 1.19 employees), while the outcomes are higher for this reduced sample. To name one example, operating revenues grow by 4 percentage points more over the programming period 2007-2013 than those of firms that have not carried out co-funded projects. Notes: *** significant at the 1%-level, ** at 5*-level, * at 10%-level. All treated observations are on support. Standard errors are bootstrapped with 500 replications. Propensity scores are estimated using logit regression.
Conclusion
73.
This paper contributes to a recently upcoming stream of literature on the firm-level dimension of EU cohesion policy evaluation. First, it presents a database that contains information on over 2,000,000 projects that were co-funded by the ERDF, the ESF or the CF during the MFF 2007-2013. The corresponding beneficiary firms or institutions are matched with the ORBIS database, which enables a more detailed analysis of the allocation of EU funds within European regions than has been possible so far.
74.
Descriptive statistics show that beneficiaries of Cohesion policy are a non-homogenous group. The absolute number of firms and projects differs widely. For instance, while the UK carried out around 5,500 projects, Spain (UK's GDP is twice as large) had over 650,000 projects. The average firm differs across countries in terms of size, turnover, capital intensity and other characteristics. The analysis also shows that there is variation in the thematic focus of the different funds. We see that the Cohesion Fund on the one hand co-finances larger projects, carried out by larger, more capital-intensive firms that carry out, among other things, infrastructure projects. On the other hand, the European Social Fund co-finances smaller projects related to Human Capital and initiatives on the labour market. However, in terms of volume, the European Regional and Development Fund has the largest budget in total.
75.
Estimating causal effects (ATT) of carrying out a co-funded regional policy projects on a set of firm performance indicators and characteristics for manufacturing firms in six OECD countries shows that, indeed, receiving funding from the structural and cohesion funds makes a difference. We find that beneficiary firms in Italy and Portugal create more jobs and, in general, firms experience more growth in their operating revenue, fixed assets and capital-to-labour-ratio than if they would not have received support. Estimation results show significant TFP growth effects in Spain and Portugal. Moreover, costs of employees seem to grow less in beneficiary firms. This could mean that wages grew less or that beneficiary firms shifted more towards low-wage workers than non-beneficiaries did.
76.
Taking into account characteristics of the projects carried out by manufacturing firms in four countries leads to some interesting findings. Net job creation effects in Italy and Portugal appear to be driven by projects co-funded by the ERDF (and not the ESF). Likewise, those projects contribute to the overall impact on fixed assets growth, whereby ESF co-funding also seems to have a positive effect on this outcome variable on treated firms in Spain and Portugal. Innovation & RTD and other business projects appear to contribute to the additional (positive) change induced by the financial assistance through Cohesion Policy on net job creation in Portugal and on the growth of the capital stock (fixed assets) in the Czech Republic, Spain, Italy and Portugal. However, innovation and business projects also seem to be linked to negative TFP growth in treated firms in the Czech Republic and Spain.
77.
These results show that positive effects seem to be rather specific. This needs to be investigated in future research, such as the fact that there is a lack of additional TFP growth in some countries despite capital deepening and a decrease in cost of employees in every country under consideration.
APPENDIX
Construction and cleaning of the dataset
78.
In order to construct the database used in the analysis, information is collected from many sources. The main body of information on the co-funded projects originates from list of beneficiaries (LoB) that have to be reported by the national or regional managing authorities of operational programmes since 2007. In many cases, the lists refer to a specific operational programme, i.e. they cover a specific region and objective. Our database contains projects from 301 operational programmes. Those lists contain different amounts of information since there seems to be no standardisation process. Almost all lists are published in national language and in different formats (Word, Excel, PDF, Html) . Furthermore, to the best of our knowledge, Hungary did not report any lists at the time of data collection. Additionally, the modest project funding did not allow us to translate the Greek and Cypriote lists of beneficiaries.
79.
Once all lists are collected and brought into a common format, headers as well as project descriptions and project titles have to be translated into English. The resulting database is then merged with the BvD ORBIS business database. We use the ORBIS online matching tool that allows 1,000 company names in each matching step. In the end we could match beneficiaries of about a third of all projects, resulting in the coverage shown in Table 1 and Table 2 . The matching procedure by ORBIS delivers suggestions for a match that are rated. We only accepted "A" matches and checked manually with "B" matches while all others were disregarded.
80.
Further steps include the use of different exchange rates in order to convert all values in Euros since many project values are reported in local currency. All values in the database are denoted in Euros. Since we do not have information on the exact time payments to projects were made for the vast majority of observations, figures relating to the project value de facto represent a cross section, not time series. This means that there is no possibility of deflating the project payments.
Imputation of project themes
81.
The thematic category of a project ("theme") is an interesting variable and important for the analysis since it is a way to label the content of the project, i.e. if it relates to infrastructure or human capital for instance. Unfortunately, it is often missing from the lists of beneficiaries. In order to improve the coverage of this variable, machine-learning techniques are employed to impute this data as far as possible. In a nutshell, an algorithm uses a sample of data that consists of a project description (in English) and one of fifteen thematic categories to learn how the categorisation can be done. The algorithm then uses project descriptions of projects where no theme is assigned, to find the appropriate thematic category. Thus, the algorithm can assign one of fifteen themes to a project based on the English description of the respective project. For this, all project descriptions are translated to English using the Google Translate API. For a detailed description of this method see (Bachtrögler et al., 2017b) . In order to increase the transparency and reproducibility of the approach, there is a publicly available R package (fastTextR) that contains the code and the data (project description and theme label). The 15 themes (and corresponding more detailed categories) are: Measures to improve access to employment and increase sustainable participation and progress of women ...
Priority Themes Category
Social Inclusion
Specific action to increase migrants' participation in employment ...
Pathways to integration and re-entry into employment for disadvantaged people ... Measures to increase participation in education and training throughut the life-cycle ...
Social infrastructure
Capacity Building
Promoting the partnerships, pacts and initiatives through the networking of relevant stakeholders Mechanisms for improving good policy and programme design, monitoring and evaluation ...
Preparation, implementation, monitoring and inspection
Evaluation and studies; information and communication
Distribution by fund
82.
The following figures 6 -9 paint a clear picture and act as additional plausibility check for the data. In the following boxplots, the bold horizontal line represents the median and all values refer to single projects or firms. The Cohesion Fund co-finances the largest projects and firms with the most assets, most employees and the highest capital-to-labour ratio. The opposite is true for the European Social Fund. It´s projects are relatively smallest and carried out by small relatively labour intensive firms. The ERDF is in between the other two. Part of the explanation of this pattern comes from the correlation of funds and industry (Table 6 ) on the one hand, and funds and themes (Table 7) on the other hand.
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